I. INTRODUCTION
The finite element (FE) modeling of inductors, i.e. the active parts of magnetic circuits, can be tackled at various levels of precision. Their geometry as well as the distribution of the current they carry may be simplified to lighten the computational efforts, especially at the preliminary stages of a design. Then, refinements have to be performed to ensure a required accuracy, that is generally problem dependent. Progressive refinements can be done from stranded to massive inductors, and from static to dynamic excitations, to accurately render skin and proximity effects, i.e. the non-uniformly distributed fields and current densities. In particular, an accurate determination of Joule losses and force densities in inductors lies on finely calculated local fields.
A method is developed herein for sequencing FE models of inductors, i.e. electrokinetic, magnetostatic and magnetodynamic models applied on progressively more complicated geometries. At each step of the refinement, a correction to be added to the previous solution is calculated and its usefulness is evaluated via its relative contribution. The proposed method naturally fits into the subproblem approach developed by the authors in [1] for other refinements. The intensive re-use of subproblem solutions is very efficient for parametric analyses. A different mesh is used for each subproblem and the successive sources are obtained by means of Galerkin projections between them. These have to be properly discretized to assure the conformity of all the sequenced FE weak formulations.
II. SEQUENCE OF INDUCTOR MODELS
The inductor modeling starts with an electrokinetic model, possibly applied on a simplified geometry, e.g. a zerothickness (shell) inductor. For a massive inductor, this model asks for a FE calculation, whereas a stranded inductor can be given an a priori known uniform current density. The resulting current density becomes the source of a magnetostatic model applied on the same inductor geometry and surrounding domain including or not all the material and other inductor regions. These can be further added as perturbations [1] .
These preliminary steps are proposed herein before any magnetodynamic computation and estimating the necessity of a refinement. Indeed, in some cases, e.g. for low frequency exThis work was supported by the F.R.S.-FNRS (Belgium), the CNPq (Brazil), the Belgian Science Policy (IAP P6/21) and the Walloon Region. citations or significant distances between the inductors and the other regions, a good accuracy can be already obtained. Only the coupling of several inductors via their lumped inductances has to be considered, with no need of inductive coupling at the local FE level. In such conditions, solving the magnetodynamic problem in only one step would usually result in an illconditioned matrix system [2] , which is avoided here. However, for high frequencies, conductivities and permeabilities, and short distances between the regions, the current densities are affected by skin and proximity effects, that are to be calculated via refinements of the static distributions.
For massive inductors (Fig. 1 ), the conductivity s, initially neglected with regard to skin and proximity effects, is then considered. This defines a change of conductivity from 0 to s and thus a modified ohm law for the refinement subproblem [1] : j 2 = s e 2 + s e 1 , with j 2 and e 2 the unknown correction current density and electric field, and e 1 the source electric field induced by the time variation of the magnetic flux density b 1 given by the static solution. A possible split of skin and proximity effects can be done, which adds refinement steps. As a complementary approach, a change from an infinite conductivity, thus a perfect conductor, to the actual conductivity was done in [3] . A refinement from a shell inductor to a massive inductor can be done via a simultaneous change of interface condition and of the so-added volume region [1] . In practice, this leads to a clear view of the effect on leakage flux and skin and proximity effects. Each refinement of each inductor leads to a correction of its inner and outer fields as well as of its circuit relation, i.e. its resistance and inductance. All the refinement steps will be detailed, illustrated and validated in the extended paper, with particular applications for 3-D inductors in induction heating and microcoils. 
